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Heifer Development: 
Managing for Her Future
by Ryon S. Walker, Ph.D., livestock consultant  |  rswalker@noble.org

Reproductive traits are 
very lowly heritable; 10 
percent is controlled by 
genetics and the other 
90 percent is controlled 
by management and 
environment.

A replacement 
heifer rep-
resents the 
most costly 

improvement in a 
herd’s genetics. Some 
of the more important 
influencers that are 
critical to retaining 
these genetics over 
time include devel-

opment, conceiving early in the breeding 
season, calving ease and maintaining 
good body condition prior to breeding, 
especially between 2 and 5 years of age 
when the heifer is still growing. For this 
article, I want to focus on development 
and conceiving early in the breeding sea-
son. 

Because reproductive traits are lowly 
heritable, this forces cattle producers to be 
better managers within the environment 
and to respond to environmental changes. 

WHAT DOES A HEIFER THAT HAS 
BEEN SUCCESSFULLY DEVELOPED 
LOOK LIKE? 
Is she the heifer in the pen with the deep-
est rib capacity, cleanest fronted, moder-
ately thick over the top and down through 
her stifle, level through her top and from 
hooks to pins, and the soundest footed? 
No! 

With little regard to phenotype, she 
is one that reaches puberty, weighs 
approximately 65 percent of mature body 
weight, is a body condition score 5 or 6, is 
between 13 to 15 months of age at breed-
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ing, conceives within the first 21 days of the 
breeding season for the first four breeding 
seasons, is a body condition score of 5 or 
better prior to breeding every year after, and 
weans a calve for the next eight years. Am I 
asking too much?

FACTORS AFFECTING PUBERTY
With replacement heifers, the goal is to have 
all of our heifers reach puberty by the start of 
breeding season. This is controlled by three 
factors: body 
weight, age and 
breed. 

With breeds, 
we know that 
Bos indicus cat-
tle reach puberty 
later (approxi-
mately 16 to 18 
months of age), 
whereas Bos tau-
rus cattle reach 
puberty between 
12 to 14 months 
of age. 

Due to 
genetic selection 
and changes 
in nutritional 
development 
over time, we have seen a decrease in age at 
puberty. Selection for scrotal circumference in 
bulls is one of the few highly heritable repro-
ductive traits. For every 1 centimeter increase 
in scrotal circumference, a bull’s daughter 
is expected to reach puberty four days ear-
lier. Research out of Canada has shown that 
scrotal circumference has increased 0.5 to 
3.5 centimeters in seven Bos taurus breeds of 
bulls from 1972 to 2011. This increase in scrotal 
size has had a positive impact on lowering 
puberty age.  

Heifer body weight has the biggest 
impact on puberty age. 

Research conducted in the 1980s indi-
cated heifers should weigh approximately 60 
to 65 percent of their mature body weight 
to ensure first estrus has occurred prior to 
breeding. 

Research conducted out of the upper 
Midwest developed heifers to a lower percent 
of mature body weight to reduce heifer devel-
opment cost. Of the five studies conducted, 
heifers developed to 54 percent of mature 
body weight had similar pregnancy rates (88 
percent versus 89 percent) and lower winter 
feed cost (by $42 per head) during the devel-
opment period compared to heifers devel-
oped to 60 percent of mature body weight 
over a defined breeding season that ranged 
from 45 to 60 days. 

The concern with developing heifers to a 
lighter body weight at breeding is the calving 
body weight. Heifers should reach 85 per-
cent of their mature body weight at calving 
to ensure their pelvic area has developed to 
a size big enough to deliver a calf. Reach-
ing this target calving weight will ensure 
the heifer is closer to reaching her potential 
mature weight so the physiological stresses, 
such as calving and lactation, in addition to 
maintenance and growth, do not have a nega-
tive impact on fertility. 

FIGURE 1: PERCENTAGE OF TIMED-AI 
OR NATURAL SERVICE BRED 
REPLACEMENT HEIFERS FOLLOW-
ING THE FIRST BREEDING SEASON 
RETAINED IN THE HERD THRU 5 YEARS 
OF AGE.
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ADDITIONAL 
FACTORS TO 
CONSIDER WHEN 
DEVELOPING HEIFERS

KNOWING MATURE COW BODY 
WEIGHT
In order to properly develop heifers to 60 
to 65 percent of mature body weight, you 
need to know the mature body weight of 
your cows. If you don’t know what your cows 
weigh, you don’t know what 65 percent is and 
what those heifers should weigh at breeding. 

The implications of developing heifers to a 
lighter percent of mature body weight is those 
heifers not reaching puberty. The implications 
of developing those heifers at a heavier percent 
of mature body weight is a reduction in fertility 

rates and increased development cost. 
If you own scales, know what your cows 

weigh and monitor heifer body weight so you 
know if the heifers are reaching their target 
breeding body weight. If you don’t, use sale 
barn receipts from your latest cull cows sold 
to give you an indication of cow body weight. 
But don’t guess. At a field day at the Hill Farm 
Research Station in north central Louisiana 
in 2016, producers were asked to guess the 
weight of two mature cows. Of the 150 respon-
dents, 82 percent guessed too low with 48 per-
cent of them missing the weight by more than 
200 pounds. My experience is most producers 
underestimate the mature weight of their cows. 
If you underestimate your mature cow body 
weight, you will underestimate target heifer 
body weight. As a result, you won’t develop 
heifers to their true target bodyweight.

CONCEIVING EARLY IN THE 
BREEDING SEASON
Lastly, I want to leave you with this recom-
mendation: only keep the heifers that con-
ceive within the first 21 days of the breeding 
season. 

Preliminary data out of LSU showed that, 
after having their fourth calf, 73 percent of the 
heifers conceiving to timed-AI during their first 
breeding season and developed to weigh more 
than 65 percent of their mature body weight 
at first breeding remained in the herd. Only 43 
percent of the heifers that did not conceive 
to timed-AI but were bred by natural service 
within a 75-day breeding season remained in 
the herd. From a heifer longevity standpoint, 
developing heifers to 65 percent of mature 
body weight or greater increased the per-
centage of those heifers remaining in the herd 
through 6 years of age by 30 percent.  

Developing heifers to reach 65 percent 
of their mature body weight and are 13 to 15 
months of age at first breeding will increase 
the likelihood that those heifers have reached 
puberty and conceive within the first 21 days of 
the breeding season. By keeping only the heif-
ers that conceive early on in the breeding sea-
son, you can significantly increase the likelihood 
of retaining those heifers longer in the herd and 
improve the longevity of your investment.
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How to Identify and 
Control Pecan Phylloxera
by Will Chaney, senior research associate  |  jwchaney@noble.org

SPECIALTY AG

Pecan phyl-
loxera is an 
insect that 
can cause 

significant damage 
if ignored or treated 
incorrectly in pecan 
orchards. Phylloxera 
can attack shoots, 
leaves and fruit of  
pecan trees. Due 

to the life cycle of phylloxera, timing 
is very important to treating the infes-
tation. Once you see galls, it is already 
too late to stop the infestation.

Pecan phylloxera are tiny insects that 
range in color from cream to a pale yellow. 
They appear to resemble aphids excluding 
the cornicles that aphids possess. All phyl-
loxera overwinter in the orchard and feed 
on the new tissue that grows in the spring. 
While feeding on the new tissue, the tree 
forms the gall around the insect. This first 
generation  lays eggs in the gall, which will 
split open between May and June with new 
adults emerging. Depending on type, some 
phylloxera will only have one generation per 
year while others will have as many as three.

Infestations can severely damage and 
weaken limbs and slow shoot growth. 
Attacks on the leaves can range from a 
few leaves to heavy defoliation. The galls 
caused by this insect infestation can also 
be hosts to the first generation of hickory 
shuckworm, which can lead to a popula-
tion increase of that pest.  The most severe 
cases can lead to the destruction of the 
entire nut crop from a tree. This can have a 
significant economic impact on your oper-
ation if the infestation spreads.  You will 
rarely experience tree death unless the tree 
was already stressed from other factors.

Phylloxera infestations typically occur 
between April and June. Some cultivars 
are more susceptible than others. Mark 
trees that have galls on them to be sprayed 
the following year. Apply insecticide the 
next year only on marked  and adjacent 
trees. This can save the cost of spraying 
the entire orchard while still controlling the 
insect and saving the beneficial insects in 
the orchard. For control during the cur-
rent year, start scouting at budbreak and 
continue through April. Start spraying 
when you observe the insect until the tree 
has put on 2 inches of new shoot growth. 
Adjusting the pH of the spray water to be 
slightly acidic (5.5-6.5 pH) can increase 
knockdown and control.

PECAN 
PHYLLOXERA 
(P. devastatrix Pergande)
This species produces a 
large, green gall on stems, 
twigs, petioles, midribs 
and nuts. Winged phyllox-
era are produced in these 
galls. 

Many insecticides are available for commercial growers. Homeowner and organic systems 
have fewer options. Please read the label for rates, directions and label changes that might 
alter the list provided below.

COMMERCIAL 
INSECTICIDES 
Provado, Lorsban, Asana, 
Proaxis, Warrior, Centric, 
Silencer

SOUTHERN 
PECAN LEAF 
PHYLLOXERA 
(P. russellae Stoetzel)
This species produces 
small galls between the 
secondary veins on the 
leaf surface. The galls are 
round and flattened, open 
on the ventral surface, and 
show a reticulated pattern 
on their surface. The open-
ing is marked by dense, 
short, white hairs. The 
phylloxera produced from 
these galls lack wings as 
compared to other pecan 
phylloxera.

PECAN LEAF 
PHYLLOXERA 
(P. notabilis Pergande)
This species produces 
small galls next to the mid-
ribs or secondary veins of 
the leaflets. The galls are 
ovoid to globular, open on 
the ventral surface of the 
leaf, are evenly green on 
the top and often reddish 
beneath when first formed. 
Winged phylloxera are also 
produced in these galls. 

INSECTICIDE OPTIONS TO FIGHT AGAINST PHYLLOXERA

HOMEOWNER 
INSECTICIDES
Neemix

ORGANIC 
INSECTICIDES
Malathion

Close-up of pecan 
phylloxera, an insect 
that is protected by 
a gall that the tree 
forms around it. Once 
galls are formed, 
insect treatment 
must occur early the 
following year.

Photos 
provided by 
Oklahoma State 
University and 
Louisiana State 
University

Adult pecan 
phylloxera 
infests a 
pecan leaf.



4  |  NOBLENEWS&VIEWS

Before applying lime and fertiliz-
ers, your first step should be tak-
ing a soil sample for testing. 

Testing offers information that 
can lead to more informed decision-mak-
ing and ultimately greater productivity and 
profitability. We like to say, “Unless you 
test, it’s just a guess.”

WHEN SHOULD I SAMPLE MY SOIL?
Early spring is a good time to take soil 

samples for summer crops. Summer is a 
good time to sample for fall and winter 
crops. To assess nitrogen availability in 
the soil, sample as close to planting as 
possible.

For lawns, spring (April) is a good 
time to sample for warm-season grass. 
This will ensure your test results will be 
back in time to fertilize in May. Summer-
time (mid-August) is good for cool-sea-
son grasses.

A STRATEGY FOR COLLECTING SAMPLES
Improperly collected soil samples are the weak link in the soil testing process. For test results to be useful, the sample must accurately 
reflect the variability and conditions in the field. A sample from a single spot cannot achieve this. Steps for taking a good soil sample:

MORE AT 
NOBLE.ORG 
To learn more 
about our 
agriculture 
testing services 
and good 
sampling 
practices, visit: 
noble.org/ag/
services/testing

Test Your Soil 
Before Applying 
Lime, Fertilizer

by Tabby Campbell, ag services and research operations office coordinator  |  tlcampbell@noble.org

SOILS

Before sampling, 
make a detailed map 
of your land. For 
small areas, simply 
draw a diagram. For 
large tracts, aerial 
photographs may be 
helpful.

Divide the map into indi-
vidual sample areas of 
40 acres or less. Assign 
a short, permanent sam-
ple identification name 
to each area that will 
help you remember its 
location.

Each sample area should 
consist of only one general 
soil type or condition. If a 
field varies in slope, color, 
drainage or texture, and if 
those areas can be fertilized 
separately, submit a separate 
sample for each area.

If the field being sampled has been 
divided into sections, submit a sam-
ple for each section – even if you 
now plan to grow the same crop 
across the entire field. Areas where 
liming or fertilizing patterns have 
differed from the rest of the field 
should also be sampled separately. 
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by Tabby Campbell, ag services and research operations office coordinator  |  tlcampbell@noble.org

Farmers and ranchers in the Southern 
Great Plains are in a drought with 
conditions worsening since Novem-
ber. While the drought affects many 

of the contiguous states, 
the states experiencing the 
worst conditions are Okla-
homa, Texas, Arizona and 
Kansas. According to the cur-
rent United States Drought 
Monitor, the entire state of 
Oklahoma is in at least a 
moderate drought; more than 
80 percent of the state is 
considered either in a severe 
or extreme drought. South 
of the Red River, 90 percent 
of Texas is in some level of drought, from 
abnormally dry to extreme drought.

Producers need to have contin-
gency plans in place now to help deci-

sion-making easier as we move through 
the spring. Even with recent rains, we 
are expecting the conditions to worsen 
through the spring. Producers need to 

assess water and forage 
sources, keeping in mind 
expected forage production 
and water quantity to match 
animal demand. Immediate 
steps to consider taking 
are: buying hay while it is 
still available and culling 
cows to help mitigate fur-
ther impacts to operations. 
It’s important for farmers 
and ranchers to gather 
their information and take 

steps as soon as possible. Keeping close 
records and knowing production costs is 
important in making timely and effective 
management decisions.

Extreme Drought Affecting 
Great Plains and Beyond    

DROUGHT

Abnormally Dry

Moderate Drought

Severe Drought

Extreme Drought

Exceptional Drought

OKLAHOMA
Drought conditions 
remained the same 

in Oklahoma, as the rainfall 
in western Oklahoma was 
not enough to improve 
conditions because of con-
tinued long-term precipi-
tation deficits.

TEXAS
Recent rains 
have given some 

locations their first mea-
surable precipitation in 
months. Abnormal to 
extreme drought contin-
ues to plague almost all 
of Texas.

ARKANSAS
Drought condi-
tions in central 

Arkansas improved 
because of recent rain-
fall. The northwest sec-
tion of the state is still 
in abnormal drought or 
higher.

NEW MEXICO
Abnormally dry con-
ditions in south-cen-

tral New Mexico improved 
recently. However, the 
heavier precipitation missed 
the Four Corners region, 
worsening the long-term 
precipitation deficits. 

To monitor 
the escalat-
ing drought 

conditions, go to 
www.drought
monitor.unl.edu or 
visit www.noble
.org/drought for 
updates.

MANAGEMENT TIPS FOR DROUGHT
Find more tips online at www.noble.org/drought

Range and Pasture
   Have contingency plans in place now. It helps make     
decisions easier and takes the emotion out of it. 
   More bare ground from overgrazing can mean more 
grasshoppers.

U.S. DROUGHT CONDITIONS FOR FEB. 20, 2018

Wildlife
   Feral hogs will come to bait during drought better 
due to low natural foods available. This makes it easier 
to trap them.
   If forage is not needed for cattle, prescribed burning 
can be very effective to improve wildlife habitat and 
control woody plants.

Livestock
   Inventory water sources and determine if quantity is 
sufficient.
   Determine hay needs and buy early before prices 
increase.

SEVENTH 
DRIEST
Oklahoma is 
experiencing its 
seventh driest period 
since 1921, according 
to the Oklahoma 
Climatological Survey.
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by Myriah D. Johnson, Ph.D., agriculture 
economics consultant  |  mdjohnson@noble.org

Understanding 
Income, Expense and 
Cash Flow Statements

In the February issue, Dan Childs described 
the usefulness of a balance sheet. This 
month, we’ll take a look at two other 
financial statements that can help you 

understand the financial health of your busi-
ness. Together, these three statements pro-
vide powerful insight.

INCOME AND EXPENSE STATEMENT
Most simply, the income statement is a sum-
mary of revenue and expenses over a period 

of time. The time interval will depend on the entity but can be as 
short as one month and as long as one year. 

ECONOMICS
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Due to the annual nature of activities, most 
agricultural operations put together their 
income and expense statement on a yearly 
basis. In thinking about how an income and 
expense statement fits together with a bal-
ance sheet, you might think of the income 
and expense statement as telling the story 
of what occurred throughout the year 
while the balance sheet is a snapshot at the 
beginning and the end.

The income and expense statement 
can be compiled using the cash or accrual 
method. Most frequently, the cash method 
is used because of its simplicity. However, 
the cash method can tell you the wrong 
story unless you manage inventory and 
accounts payable and receivables very 
consistently over time. The main differ-
ence between the two methods is the time 
period in which the income and expenses 
are recognized and recorded. The cash 
method is simple while the accrual method 
allows you to match income to the expense 
incurred to produce it. In other words, the 
cash method only considers cash transac-
tions such as selling grain or cattle or pay-
ing for the inputs the operation consumed. 
Sometimes a crop of grain or calves can 
be produced and the inputs paid for and 
the grain or calves still be in inventory at 
the end of the accounting period. In this 
scenario, a cash method income statement 

The statement of cash 
flows contains all cash 
flows, not just revenue 
and expenses.

Understanding 
Income, Expense and 
Cash Flow Statements

would report much higher expenses than 
revenue. Oftentimes in an effort to man-
age taxable income, a farmer or rancher 
may pay expenses ahead, defer accounts 
receivable, or only sell a portion or no grain 
or calves at all. If these practices are not 
accounted for through accrual adjustments, 
the true story is not being told. Therefore, 
if accounts payable and receivables and 
inventories change considerably from the 
end of one accounting period to another, 
it would be best to complete the income 
statement using the accrual method. This 
will allow one to accurately evaluate the 
profitability of their operation, as well as 
other things like operating profit margin 
ratios, rate of return on assets and rate of 
return on equity. 

Just a reminder, we are moving away from a printed Noble News and 
Views. This issue, March 2018, is our final printed issue. After that, the 
entire publication will be available online and via email. 

We invite you to visit bit.ly/news-and-views-survey and provide 
us with the best way to reach you. Also tell us a little about your 
current and future interests regarding your farm, ranch or land 
operations. We want to be able to connect you to relevant future 
events or other resources but not forward you information in which 
you have little or no interest. 

Importantly, even if you currently receive Noble News and Views 
electronically, we ask you to visit the above link to help us better 
communicate with you in the future. 

We invite you to join us on this journey as we take some bold 
steps to build a learning system that better serves you. We also hope 
you enjoy the additional insights into the outstanding research being 
conducted here at the Noble Research Institute everyday as we 
continue to provide solutions to great agricultural challenges.

STATEMENT OF CASH FLOWS
Unlike the income and expense statement, 
the statement of cash flows contains all 
cash flows, not just revenue and expenses. 
Cash inflows may include things such as 
cash from the sale of capital items and pro-
ceeds from new loans, while cash outflows 
can encompass things like principal pay-
ments on debt and full cost of new capital 
assets. This statement reconciles changes in 
cash from one balance sheet to another.  

From the statement of cash flows, you 
can better understand the repayment 
capacity, or ability to repay term debts 
on time, of your business. Some of the 
ratios that help inform in this area are the 
replacement margin and the capital debt 
repayment capacity.

USE STATEMENTS TOGETHER
While each of the financial statements are 
useful tools on their own, together they pro-
vide powerful knowledge. Additional ratios 
regarding financial efficiency can be calcu-
lated using information from all of the finan-
cial statements. These include the asset-turn-
over rate, operating expense, depreciation 
expense, interest expense and net farm 
income ratios. Collectively, all of the ratios 
and indicators help highlight areas of strength 
and vulnerability. In fact, they may just help us 
keep our operations out of the ditch.

NOBLE.ORG/SUBSCRIPTIONS

Noble News and Views Is 
Coming to Your Email Inbox

DON’T FORGET TO SIGN UP
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by Kiran Mysore, Ph.D., professor  |  ksmysore@noble.org 
Carolyn Young, Ph.D., professor  |  cayoung@noble.org 
Prasanna Kankanala, Ph.D., postdoctoral fellow  |  pkankanala@noble.org

Soil Microbes Can 
Suppress Plant Disease

Soils host a 
diversity of  
microbes that 
are affected by 

various factors such as 
soil nutrients, seasonal 
changes, drought, pH, 
chemical applications, 
plant species and farm-
ing practices. Plant 
roots enrich selective 
microbes from the soil 
into the zones sur-
rounding the roots and 
then selectively recruit 
microbes into their 
roots. These microbes 
play a significant role 
in plant growth and 
health, but, unfortu-
nately, not all of them 
are beneficial.

It has long been 
known (more than 
100 years) that certain 
soils can provide pro-
tection to plants from 
specific soil-borne 
diseases. These soils 
are referred to as dis-
ease-suppressive soils. 
Inhibitory effects from 
beneficial soil microbes 

against a particular pathogen contributes 
to disease suppression in these soils. In 
addition, chemical and physical attributes 
of soil such as organic matter, pH and clay 
content can directly or indirectly affect soil 
microbial activity, which in turn can impact 
crop health. Recent advancements in DNA 
sequencing technologies and data analyses 
enable us to identify the soil microbes that 
can contribute to disease suppression.

The soil-borne fungal pathogen Phy-
matotrichopsis omnivora is prevalent in the 
southwestern United States and is known to 
cause root rot disease in cotton and alfalfa, 
as well as numerous other important crops. 
The fungus grows actively from spring 
through fall, causing the disease. Then it 
hibernates in winter by forming fungal rest-
ing structures deep in the soil. The hot, dry 
summer months are conducive for this dis-
ease. The pathogen is extremely persistent 

RESEARCH

in the field, and genetic, biological and chem-
ical control methods have been ineffective 
until recently when the fungicide TopGuard® 
was shown to control the disease in cotton. 
The effectiveness of TopGuard® in controlling 
the disease in alfalfa is still being explored. 
Although using a fungicide may provide 
effective disease control, we have wondered 
if there are other options such as harnessing 
the power of soil microbes to protect against 
this disease.

There are regions in southern Oklahoma 
with persistent stands of alfalfa that do not 
show signs of cotton root rot (CRR) disease. 
In addition, some plants are able to survive in 
a CRR-infected field. It is not clear if the lack 
of disease in regions with healthy alfalfa plants 
is due to disease-suppressive soil or from a 
lack of pathogen in that area. By studying the 
microbial populations in the soils associated 
with diseased and healthy plants, we will be 
able to determine the role of these populations 
in CRR disease occurrences. Can we detect 
a microbial signature that can differentiate 
between the soil found in healthy and diseased 
regions? Additionally, are we able to identify 

microbes that might help protect the plants 
from succumbing to the disease? 

Over the last few years, we have been 
studying CRR disease progression in an alfalfa 
production field. Samples have been collected 
from the roots and soil of CRR-diseased 
alfalfa plants, healthy alfalfa plants, and plants 
that survived the disease in a heavily infested 
field. The samples were collected through-
out the active months of the fungal life cycle 
(spring, summer and fall) to identify the sea-
sonal effect on the soil microbes and disease 
occurrence. We are currently cataloging all 
the bacteria and fungi in these samples. Our 
goal is to identify indigenous microbes that 
will help reduce the disease.

Identifying the microbes that help 
plants develop either immunity or toler-
ance to CRR disease and developing meth-
ods to enrich them in the field would pro-
vide an environmentally safe, durable and 
economical method to prevent production 
losses from the disease in the field. In addi-
tion to CRR disease, beneficial microbes 
can also help protect crop plants from 
other harmful diseases.
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Stresses such as 
heat, drought 
and salin-
ity (abiotic); 

bacterial and fungal 
pathogens (biotic); as 
well as nutrient (e.g. 
nitrogen, phosphorus) 
shortage in arable 
lands are main fac-
tors limiting crop and 

forage production. Improving plant resil-
ience to stress and efficiency of fertilizer 
use are key to sustainable and future 
agricultural productivity, but this requires 
new approaches and solutions.

Researchers at the Noble Research 
Institute are taking a novel approach by 
investigating small peptides as potential 
agrochemicals to improve plant perfor-
mance. 

Recent progress in basic research 
indicates great potential for small pep-
tides, compounds consisting of chains of 
approximately 20 amino acids, to improve 
plant stress tolerance. A typical plant 
contains more than 1,000 genes encoding 

small peptides. In the legume Medicago 
truncatula, a close relative of alfalfa, there 
may be as many as 4,000. 

When plants face abiotic or biotic 
stresses or nutrient limitation, a significant 
number of genes encoding small peptides 
show striking increases in expression, indi-
cating that the derived small peptides play 
important roles in coping with or overcoming 
these stresses. Furthermore, an increasing 
number of the gene-encoded small peptides 
are now being discovered to act as regu-
lators of plant development, such as root, 
leaf or flower development and soil microbe 
interactions, with potential to regulate stress 
tolerance or nutrient/fertilizer gain.

A key advantage of the peptide 
approach is that these compounds occur 
naturally and are bioactive when applied 
externally. In other words, no genetic 
changes need to be introduced into crop/
forage species through lengthy breeding 
programs to achieve desired effects when 
using peptides. In fact, some soil organ-
isms (nematodes) are already known 
to produce peptides almost identical in 
structure to plant peptides and are able 

to alter plant development.
Furthermore, small peptides can be 

easily synthesized in large quantities. They 
are often extraordinarily potent, meaning 
they are bioactive at extremely low concen-
trations. One ounce of a typical peptide is 
sufficient to make up enough effective pep-
tide solution to fill five Olympic swimming 
pools (approximately 3.3 million gallons). 
Using existing technology, the cost to pro-
duce enough of a peptide to cover 1 acre of 
land could be as low as a few cents. Appli-
cation of peptides as foliar sprays is possi-
ble, although seed coating or application 
together with fertilizer by banding are also 
likely strategies.

Sponsored by the National Science 
Foundation (NSF), researchers at the 
Noble Research Institute are currently 
testing an entire library of gene-derived, 
synthetic peptides for their effects on root 
growth, gene expression and nodulation 
of Medicago truncatula by rhizobia. In the 
near future, some of the identified bioac-
tive peptides will be tested on alfalfa in 
the field, with goals of withstanding nitro-
gen or phosphorus limitations.

Peptides Show Promise 
to Advance Agriculture

RESEARCH

by Wolf Scheible, Ph.D., professor  |  wrscheible@noble.org
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Ammonia was 
described as 
the “deto-
nator of the 

population explosion” 
of the 20th century by 
scientist Vaclav Smil, 
Ph.D. 

Most nitrogen 
(N)-containing fer-
tilizers are derived 

from ammonia synthesized via the Haber-
Bosch process, which is arguably the most 
important technological innovation of the 
20th century. Without synthetic N-fertil-
izers, half of the world population would 
go hungry. Today, more than 100 million 
tons of N-fertilizer is used by agriculture 
each year, which has doubled the amount 

of reactive-N in the global biogeochemical 
N-cycle. Losses of reactive-N from agricul-
ture, through leaching to aquifers, rivers, 
lakes and oceans, and gaseous losses to 
the atmosphere, have huge impacts on 
the environment and human health. The 
so-called “dead zone” in the Gulf of Mex-
ico, which forms in summer as the result 
reactive-N and other nutrient losses into 
the gulf, is one of many such impacts. Thus, 
nitrogen fertilizers are both a blessing and a 
curse to society.  

A large fraction (70 to 80 percent) of 
agriculture in the Southern Great Plains 
is dedicated to forage-based beef cattle 
production, which is generally low-input in 
terms of fertilizers and water (most forages 
are rain-fed). Thus, nitrogen fertilizer inputs 
to forage production are typically less than 

one-third of what is used on other food 
crops. Nonetheless, an average of 50 per-
cent of the nitrogen applied to pastures is 
not captured by the plants in the application 
year and is subject to loss into the envi-
ronment. This represents an economic loss 
to ranchers in addition to costs to human 
health and the environment, which are 
harder to quantify.

The Noble Research Institute aims to 
increase the efficiency of nitrogen use in for-
ages and other agricultural systems through 
research development and demonstration. 

1. IMPROVE LEGUMES
First, plant biologists and breeders are work-
ing to improve legumes, such as alfalfa, to 
make them better adapted to the Southern 
Great Plains. Legumes are relatively unique 

3 Ways Nitrogen Researchers 
Are Advancing Agriculture

RESEARCH

By Michael Udvardi, Ph.D., chief scientific officer  |  mudvardi@noble.org
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amongst plant species because they don’t 
need nitrogen fertilizer to grow. Legumes 
can make their own ammonia through sym-
biosis with nitrogen-fixing bacteria. Soil 
bacteria called rhizobia are able to live in 
legume cells within organs called root nod-
ules, where they convert atmospheric di-ni-
trogen (N2) into ammonia (up to several 
hundred pounds per acre per year). Vir-
tually all of this ammonia is used for plant 
growth, with relatively little being lost to the 
environment. Thus, symbiotic N-fixation in 
legumes such as alfalfa is sustainable, envi-
ronmentally friendly and almost free (apart 
from the small cost of rhizobia applied to 
seed or soil at planting). Greater use of 
legumes would help to increase N-efficiency 
of, and reduce N-losses from, agriculture in 
the Southern Great Plains.

2. IDENTIFY AND BREED PLANTS 
THAT ARE MORE EFFICIENT 
NITROGEN USERS
Researchers at the Noble Research Insti-
tute are also working to identify plants 
that are better able to capture and utilize 
nitrogen fertilizer applied to the soil. Some 
plants have superior root systems that are 
better able to explore the soil and/or take 
up N-compounds from the soil, while other 
types may be more efficient at absorbing 
that nitrogen for growth and protein pro-
duction. By mating plants that are best at 
capturing soil nitrogen with ones best at 
utilizing such nitrogen for shoot growth, 
our plant breeders aim to develop N-effi-
cient plant varieties that contribute to pro-
ductive forage systems that lose less fertil-
izer to the environment. This will improve 
profitability and environmental stewardship 
of operations across the country.

3. DEVELOP GRASSES THAT 
FIX NITROGEN
In a third approach, the Noble Research 
Institute, together with collaborators in 
the United States and United Kingdom  
are working to develop N-fixing symbio-
ses in grasses. Grasses rely on mineral-N 
in the soil for growth, which is typically 
replenished with fertilizer-N. However, like 
all plants, grasses harbor bacteria in their 
root systems, typically between root cells. 
Some of these bacteria have the potential 
to change atmospheric di-nitrogen into 
ammonia in the same way that rhizobia 
do in nodules. We believe it may be pos-
sible to increase the numbers of such 
endophytic bacteria in grass roots and 
trigger them to fix nitrogen and release 
ammonium to surrounding plants cells. We 
aim to supply half the nitrogen needed by  
grasses in this way. 

Ideally, we would like to eliminate the 
use of industrial N-fertilizers altogether 
for a more sustainable and environmental-
ly-friendly agriculture. Clearly, we have big 
dreams.  But we also have great scientists.  
So watch this space!
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Weed Control and 
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1-3 p.m. 
Mid-America 

Technology Center
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1-3 p.m. 
North Central Texas College

Room 1301 
1525 W. California St.
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Fort Worth, Texas

No Registration Fee
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